Two closely related species of common gobies occur along the Dutch coast at 1 to 30 m water depths: Pomatoschistus (Gobius) minutus PALLAS (33 vertebrae, and P. lozanoi D~ BUEN 1923 (32 vertebrae, variation 31-33).
I N T R O D U C T I O N
Two closely related species of common gobies occur along the Dutch coast at 1 to 30 m water depths: Pomatoschistus (Gobius) minutus PALLAS (33 vertebrae, and P. lozanoi D~ BUEN 1923 (32 vertebrae, variation 31-33) .
The rearing of gobies from eggs has been considered to be either very difficult or impossible (LEBouR 1919 , TAVOLGA 1950 , KINZER 1960 . We have developed rearing methods yielding 66-90 °/0 survival. These methods will be described here and their usefulness documented on the basis of investigations concerned with numerical variation in vertebral counts.
In order to investigate the vertebral variation of Pornatochistus rninutus and P. lozanoi, the larvae were raised from egg to young fish of about I0 mm total length.
R E A R I N G M E T H O D S S p a w n i n g
In order to obtain eggs for incubation, mature Pomatoschistus minutus and P. lozanoi were kept in aquaria of 40 × 25 X 25 cm with appropriate spawning con-ditions. The gobies readily spawned from March to July when offered sand bottom and big mollusc shells of the genera Ostrea, Mya or Cyprina at water temperatures between 100 and 16 ° C.
The male goby digs a pit in the sand under a shell and cleans the inner shell surface which forms the ceiling of its nest. By means of a specific courtship behaviour a ripe female is guided into the nest and deposits her eggs on the cleaned inner surface of the mollusc shell. The male guards the eggs of one or more females until the larvae hatch (Fig. 1A) . The pelagic larvae are 2.5 to 3 mm long.
The pear-shaped eggs, of approximately 1 X 0.5 ram, are attached to the inner shell surface by means of threads on the chorion at the animal pole. They are neatly and closely arranged in a rounded flat layer of 3 to 5 cm diameter, containing 2,000 to 4,000 eggs. One female can produce 3 to 4 batches of eggs in the course of 4 to 6 weeks. Very similar nesting, courting and spawning behaviour of different gt3bies species have been described by Gt~ITEL (1892), NXMAN (1953) , TAVOLGA (i954) and KINZER (1960) .
In 1963, whole batches of eggs were used for incubation and rearing at different experimental conditions. In later years, the gobies were offered plastic discs on which they readily deposited their eggs. These discs were later cut into small pieces each containing about 100 to 200 eggs (Fig. 1B) . In this way a single batch of eggs yielded the material necessary for a number of experiments.
I n c u b a t i o n
Within 4 h after spawning the eggs were brought to incubation in 2 1 Erlenmeyer flasks ( Fig. 1C ) with weakly aerated seawater of different temperatures (10 ° to 220 C); salinities (8 °/00 to 17 %0 C1) and oxygen contents (air pressure from 0.5 to 2 atm). Antibiotics were added in concentrations of 50 I.U. penicillin G + 50 #g streptomycin sulph, per ml seawater.
After the embryos had reached the "black eye" stage (stage 20, TAVOLCA 1950) they were gradually transferred to one and the same temperature at which they were reared. They hatched after 14 to 4 days at water temperatures Of 100 to 220 C, respectively. A~er hatching, the larvae were counted and transferred to the rearing jars.
R e a r i n g In 1963, rearing was attempted at 12 different temperature-salinity combinations in 12 asbestona basins (120 X 60 × 30 cm H) with closed water circuits.
In 1964 and 1965, high glass rearing jars of 20 × 20 × 40 cm H were used which were provided with a bottom filter of shellgrit and sand, operated by an airlift in the centre. A detailed description of bottom filters with airlifts has been published by FLOCHTER (1964) and Gi~rvr (1968) .
In 1966, round, black polythene rearing jars of 35 cm diameter and 40 cm high, were employed with the same seawater system as used in 1965. In this closed system of approximately 1 m 3 volume, the circulating seawater was cooled, aerated with ozone-containing air and filtered through 50 cm charcoal and shell grit (Fig. 1D) . The supply of seawater was directed upward into the upper water layer of the rearing jars, parallel to the wall so as to create a horizontal circular water current without too much vertical turbulence (Fig. 1E) hand n e t s~'~ ~z~ Arrows indicate the water current. G Plankton net of 0.5 X 3 m with a screen at the opening. H Hand plankton nets, used for sieving and washing the zooplankton from the rearing jars was drawn from the bottom as an overflow, protected by a plankton-gauze screen covering the bottom. This screen of 300 ff mesh-size was pressed onto the bottom of the jar by means of two tightly fitting polythene rings (Fig. 1E ). The lid of the rearing jar had a circular opening of 30 cm diameter, covered by transparent plastic foil. The black covering rim of the lid caused a shadow on the wall of the jar, which prevented extensive filamentous algal growth and provided better dark-light contrast for the larvae to see their food. Antibiotics were added to the seawater in concentrations of 20 I.U. penicillin G + 10 #g streptomycine sulph, per ml once in 14 days, together with water in order to compensate for evaporation and to keep the salinity at I6 %o C1.
F o o d
The larvae were fed daily with North Sea zooplankton, caught at high tide off Den Helder harbour every 2 or 3 days. Several types of plankton nets were used; nets of 0.5 m opening diameter and 3 m long were the most practical for fishing from a small motor boat. The nets had mesh sizes of 56, 90 or 200 # and the opening of the net was screened off with coarse plankton gauze of 200, 400 or 800/~ mesh size (Fig. 1G) , to keep out unwanted plankton like Noctiluca rniliaris, Pleurobrachia pileus and Medusae.
The plankton was stored in a pair of black polythene jars and leit in the light for a few hours, so that the phytoplankton and detritus could settle. The phototactic zooplankton, swimming in the upper water layers, was then sieved through a coarse mesh net, collected in a fine mesh hand net (Fig. 1H ) and washed with filtered seawater in order to remove fine detritus and phytoplankton. Antibiotics were added to the water containing the cleaned zooplankton; half of the plankton was fed to the Gobius larvae and the other half was kept in a black jar, with filtered seawater and weak aeration, to be used as food for the next day.
The cleaned zooplankton, collected with the 56 /~ mesh size net and sieved through a 90 # mesh size hand net, contained mainly small copepod nauplii with a body size of approximately 50-80 X 100-180/~. With larger sizes of mesh the plankton contained more copepodits (120-200 × 240-600 #), copepods (200-500 × 400-1,000/~), nauplii and cyprids of balanoids (300-400 × 400-800 #), polychaete larvae (Potydora, 120-200 × 700-1,000 ~) and small noctilucas (400-700/.~). If the plankton contained too many large polychaete larvae, these were washed out by sieving quickly several times through a 200 # or a 400 # mesh size hand net.
The larvae of the gobies were fed 56 # mesh size net zooplankton during the first 2 weeks, sieved through 90 ~ and 200 #, respectively. The next two weeks, they were fed 90 ~ mesh size net zooplankton, sieved through 200 ~ and 400/~ mesh, together with Artemia salina nauplii (250 X 500 #).
RESULTS
S u r v i v a l r a t e s a n d g r o w t h Survival and growth rates of larvae, reared in 1963 to 1966, are shown in Table 1 . In 1963 to 1965, rearing methods yielded an estimated survival of 2 to 10 0/0 of the hatched larvae. In 1966, a batch of Pornatoschistus lozanoi eggs (divided into 12 experimental groups) yielded 1,585 young fishes from 2,400 hatched larvae with a survival rate of 66 °/0. From the original 2,800 eggs 2 0/0 failed to develop, and approximately 12 °/0 of the embryos died shortly before or after hatching. Some of the experimental groups yielded 150 to 200 young fish in a rearing jar and a survival rate of approximately 90 %.
In 1963, growth rate of the young fish (as given by increase in mean total length in mm per 100 days) showed a positive correlation with rearing temperatures Constriction of the vertebrae; development of D1 rays; development of dorsal vertebral pigment
Development of V rays
Development of P rays; development of dorsal yellow pigment D1, V, and P rays; development of sensory papillae on the head Development of neural and haemal arches; development of scales on the body of 120 to 210 C, but no clear correlation with chlorinities of 11 °/oo to 17 °/00 CI. Growth of the larvae in all rearing experiments was in the order of 20 to 30 mm per 100 days at 150 to 16 °C, with a maximum of 34 to 39 mm per 100 days for the largest fishes.
In 1966, many larvae were sampled during rearing to examine microscopically their development, food intake and causes of mortality. The progress in development of Pornatoschistus lozanoi larvae is exemplified in Table 2 ; some larval stages are illustrated in Figure 2 . At 160 C, the first young fish changed to bottom life at an age of 31 days, and a total length of approximately 12 ram. Table 2 Young larvae had mostly copepod nauplii and copepodits (80-160)< 250-500 #) in their stomachs. Larvae of 7 mm length or more also ate copepods, nauplii and cyprids of balanoids, polychaete larvae and larvae of Arternia salina. Atter formalin fixation of the young fishes, 93 individuals had 1 to 5 Artemia salina eggs in their stomachs.
Most of the young fish found dead or dying did not reveal clear causes of death. In 18 larvae a reduced liver or swim bladder was found or crystals in the urine bladder. Six dying larvae showed infection with protozoan parasites resembling 06dinium (NIGRELLI 1936) . Four larvae were found with a nematod inside their body cavity, probably Contracaecurn aduncurn (MARIIOWSKI 1937 , PONT 1941 , and one of these gobies apparently died from a perforated stomach wall. 
DISCUSSION
The main bottleneck in rearing gobies seems to be the bacterial contamination of the seawater; the larvae are very susceptible to bacterial diseases. Adult gobies ot~en die in the aquaria from fin rot or skin lesions and, judged from the symptoms, Pseudomonas ichthyodermis could be one of the main agents (SINDERMANN 1966) .
For rearing gobies in the laboratory the same precautions should be taken as recommended for maintaining tropical sea fish in show aquaria (DE Gr, AAF 1969) . To suppress the development of bacteria in the seawater application of ozone or ultraviolet light (HERALD et al. 1962 ) and antibiotics (OvwNHEIMEI~ 1955 , RUSTAD 1960 , SHELBOm~NE 1964 ) is necessary. A TUV lamp could be placed at the outflow of an ozone charcoal filter, to combine both methods.
Many antibiotics were tried out against bacteria in seawater by OVWNHEIM~R (1955) and LAGARD~ (1967) , but only combinations of streptomycin and penicillin G or chloramphenicol, have been found useful for rearing purposes. According to LA-OARDE 2.5 mg streptomycin + 2.5 mg chloramphenicol per litre of seawater will suppress bacterial growth for at least 20 h. OVVENH~IM~t~ recommends 50 ppm streptomycin + 50 ppm penicillin for treatment of marine fish eggs. The 3 antibiotics mentioned here are stable in aqueous solution for at least 1 week and they exert suppressing effects on many pathogene bacteria in concentrations of 5 to 10 ppm (MANTEN 1963) .
A second difficulty in rearing gobies is the provision of a proper food source, since the young larvae of 2.5 to 6 mm will not take Artemia salina nauplii during the first 2 weeks of their life. Although sieved natural zooplankton can be used as food, this may involve mortality caused by parasites (Ros~N'rHAL 1967) .
To avoid laborious fishing for plankton and the introduction of parasites it would be much better to use cultivated food (ciliates, copepods) or artificial food.
Since fish larvae very oflcen eat Arternia salina eggs (RoSENTHAL 1969) it should be possible to rear them with artificial food pellets with a diameter of 100 to 300/~.
It would be better to use rearing jars with plankton-gauze bottoms, suspended in a large basin. The water in this basin can then be treated rigorously (filtered, sterilized) without disturbing the fish larvae; water circulation in the rearing jars can simply be arranged by airliflc from the basin. To give the fish larvae short prophylactic treatment against fungi (Ichthyosporidium, SVROSTON 1944) or protozoan parasites (06dinium and Cryptocaryon, NIGt~ELLI 1936 , 1966 ) the rearing jars with young fish can be taken out of the basin and submerged in a treating bath for a short period of time. If the larvae cannot stand short air exposures, the jars can be lifted with a shallow water basin underneath.
Pomatoschistus species have a lifespan of approximately 1 year. They reach maturity within less than 1 year and readily spawn under laboratory conditions. Hence they provide excellent material for the study of marine fish eggs and larvae. SUMMARY 1. During an investigation on the numerical variations in vertebral counts of Pomatoschistus rninutus (33 vertebrae) und P. lozanoi (32 vertebrae), larvae of these closely related gobies were reared from eggs to young fish. 2. From 1963 to 1965, rearing was not very successful; it yielded 34 to 220 young fish with estimated survival rates of the larvae between 2 and 10 %. Rearing methods were improved and yielded 66 °/0 survival in 1966; 1,585 young fish were reared from 2,400 larvae; in some experimental groups survival was approximately 90 %. 3. The seawater of the closed rearing system used in 1966 was treated with ozone;
antibiotics were added in concentrations of 20 I.U. penicillin G + 10 /~g streptomycin per ml seawater. 4. The larvae were fed natural zooplankton, washed and sieved through plankton gauze of different mesh sizes. 5. A description is given of the rearing method used in 1966 and the development of Pomatoschistus lozanoi larvae. 6. Growth rates of the larvae were in the order of 21 to 39 mm increase in length per 100 days at 140 to 160 C. The larvae changed to bottom life 31 days after hatching at a total length of approximately 12 mm. 7. Eggs of Pomatoschistus Iozanoi (32 vertebrae), incubated at temperatures of 100 to 200 C until attainment of the "eyed egg" stage, yielded offspring (hatched and raised at 160 C) with a mean vertebral number of 31.90 (n = 1,585) and a variation in mean vertebral number for the various experimental groups from 31.73 (n = 206) to 32.13 (n = 122 vertebrae). Crossings of fishes with 32 vertebrae and 33 vertebrae yielded offspring with a mean vertebrae number of 32.44 (n = 34), 32.55 (n = 107) and 32.65 (n = 118), respectively. 
